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Introduction
,

;variables

differences along learn7constitute an impOrtent.Clasa.of

i

.
. ,, ,

;variables n research ;on instruction:. Their Sdystudy has been of interest, -at -

I

'least since Binet, because measures of th se variables,.often called "aptitudes",

usually predictresponse to instruction. There is reneWedinteiest in this fait
:,

today-because.aptitudes'now appear often, ()interact with InStructional'ionditions,
.

.

J :

i.e.; to:relate differently to learningnUtcome under different instructional
-...1-1

treatments: These'aptitudeAreatment int ractions (ATI)'have important

1
practicaland theoretical implications.

The practical interest stems from the possibility that ATI can be used
t

.

to adapt instruction to fit ..different learners optimally. PrevibUs attempts.,.
.-:. .;

at. individualizing insttuCt'ion have generally failed to eliminate lndiVidual

differences in learning : outcomes. ActUally, all attempts et,individualizing
i

instruction rest eXpliciWor implicitly do hypothesized interactions.betweee.
, I

some aptitude and treatment variables,.but most-worknn adaptive instruction
:.

..
1

has failed to-formulate such hypotheses explicitly or to study them directly.
_ .

ATI can be used to assign_learners to differing instructional methods or:.
. ,

sequences, providing a kind of "macroadaptation" of instruction, as well as ,,/,

to guide and evaluate "microAdaptille" approacheesuch as those used in computerized
tt

..

.
,

instruction. p ,
.

.
.

ATI are of theoretical interest because they demonstrate construct
.

. . .

validity for aptitUdeanki learning measures, and suggest that coMmoupsychOlogical
u

processes under19 both kinds.of variables. . It is likely,thatsneither aptitude

constructs'nor'learning processes can be understood fully without reference':

to the other. . . .... ,

Navy training efforts; fade difficUltprOlemsn assuring that.elli. .

trainees reach defined levele,Of*coxpeiencadesPitepronounced'individhal

differences on entering training. Research on.ATIAn'instructional settings
! .

.

- C:

is needed to-devise means of. reducing -these problems., But more basic research
.

relations
,

. . .

on aptitUde-iearning i.i also neede&to, understand

.

the, underlying
. . .

.
.

.
.

.

.

processes involved.. In:addition to'Oroviding.guidance forinstructional4evel

studies, basic research. that inalyzes,aptitddesee cognitive processes in learn-
,.

ing performance may'provide suggestions Useful' in improving selection and per-

formance meartureti,'An equipment. design, and in pursuing, the training of aptitudes

directly. Fu#ihei, if important cognitive, processing distinctions oan.be captured
1 . .

.

.
.



in new kinds of aptitude'teSte, Such MeaSuresopuld provide new vehicles for
, A

commerce between laboratory -level and instructional-level research'in tasic and

applied. cognitive psychology.

This final report briefly summOriges the research f±ndingsand activities

of-the.Apfitude.Research Project, School ?f.EducatiOn, Stanford University,.

..duringp first, three- and -a -half year pharie of woriebn this problem,. under.`

'Contra NO001,4-75.-C-0882'Writh,the OffiCeldf.NaVai iesearch.; The'4present report

does not attempt toreproducelot reviy results or diia from particular studies

in detail. It does provide, an overview of the project and a reference to

other more_ detailed. reports and.doCuments produced,by the. project daring the.

yeaitt /975 - 1979. ..<,;1 r).

t



vits-eLy uL csam....w ma. Lamm... .....---

Crnbach and Snow (1977) concluded that the existence''of ATI as phenomena has

been clearly established. But, while some ATI findings are plauSible and. some

are replicable, few are well understood .and none are yet applicable to instru

raCtice.

The olume of IATI studies .can,be arrayed along a continuum from laboratory.

experimente on individnal\differences in. learning, through small- scale, and middle-.

.

range instructional experiments, to large curriculum evaluations, naturalistic

comparisons, and empirical case studies. If one constructed a frequency

distrbution of such studies along this continuum, it would probablyappear

more or lebs normal in most studies would fall in the middle range: And,

the same form of distribution might be expected for instructional experiments

in general; not jupt for ATI studies. Thus, the instructional 'psYchOlogy that

has been popular for the last decade or two consists of short-term experiments

with a few controlled instructional variables aimed at testing fairly simple

propositions. SUch studfs seek compromise between the need for instructional

relevance an4 the need for experimental control. But most attain neither the

descriptive walue of large - scale,. long -term naturalistic research nor the
. ,

'precision and process. analysis of the laboratory; inconsistencieh.abound
.

in their results. tronbach and Snob' (1977).Concluded that the middle -range

studies were leading. neither to theory nor. to generalizations useful in.
-

practice. They recommended that future research pay increased attention to:

1) The examination of the most plausible ATI hypotheses in large scale,

long-duration, real7schOol studies. This would allow a consolldatidn On,

efforts to establish a fetq ATI hypotheses in.settings where they might

actually. be'used. `The emphasis in the design of such research would.be on
.

representativeness (Snow,1974a) and description'(Cronbach,147), rather. than

on-laborafOrr-likecontrol.

2) The development of methodology capable of handling thecomplexitiei

of suchresearch. .This. effort would deemphasize the familiar significance

testinghabitd of researchers.in favor ofthe.deScription and analysis .of

complexrelationshipe (CronbaCh,1976; tronbach & Snow, 1977; CronbaCh'& Webb,

1975).. /.

3) The development of a laboratory science for.the analysis of aptitude

teats and learning tasks, and the ATI constructs based on them (Snow, 1974b).



This would complement the instructional studies with process analyses to provide

ideas aboUtpossible underlying mechanisma. F.Mbodied in newly Understookand/or

newly designed.aptitude 'measures, these ideas 'Might then be conveyed to.research !-

in .the real instructional settings where probable,: practically useful ATI can

be examined and used. .

The piesent project defined work thajWbuid begin .along-term research'program

aimed at these general objectives. Tile Cronbach-'Snow book, which provided

much of the background for the project had given an extensive review. of the

instructional At literature and of improvements in the methodologyof ATI.
. ,

research% establishing the present 'state of the art" with respect to points
t

1) and 2) above. But it provided only a meagre introduction to the need for

experimental analysis and process theories of aptitude for learning.indicated

in. point 3) above. This project, then,eiMed-initially at.point 3),.and the coordination

of research on points 1) and 33., Point 2) was not a priMary objective of this .

work.
,

-:

Brief history anclstarting%Ypothesis. The idea of a laboratory science for

the analysis Of aptitudes andlearning'tasks is not new. The topiC of individual

differences in learning has been.,..6f.interest off and on in experimental psychology

since its early days. (See the hiatorical review by Glaser, 1967: In one form
. .

Or'anotUer it has been suggestecEby, several contemporary writers (Gagne, 1970;

Estes, 19704 Glaser, 1973, 1974).1- Glaser, and Resnick (1972) .gave examples of a

variety of experiments that serVerelated, taskanilytic purposes. Some of the

instructional'experiments criticized by Cronbach and Snow .(1977) for their incon=

sistencies and lack of genoralizehility are useful .if they are.reinterpreted.as

-suggesting only possible ATI mechanisms rather than probable generalizations to

instru ion. They might be coMbine'&with,laborstOrystudieS,.arising from the

expe mental psychologists' renewed interest in COgnitiVe processes related. to
.,. .

. .

intellectual differences-(e.g.i Hunt', Frost, & Lunneborg, 1973; Underwood, 1973).

These form a loose but growing collection of provocative suggestions. Some use

experimental manipulations to exSMinethe construct validity of an aptitude. Some

use aptitudes to examine, the constru9t validity of learning processes. And some

might generate new conceptions of aptitudle and learning as a result. But there

had been no Systematic compilation of this literature or development of a theoretical

framework with which to organize further efforts. The last time an experimental.

psychology textbook had paid any extensive attention. to individual differences



research on individual:differences. In 1957 Cronbach issued his famous call.
, -

for unification of correlational and experimental paychology. This was the

.impetus for the groWth of ATI research on instruction through the 1960's. But

except for the milestone.eymposium edited by Gagnt (1967), laboratory experimental.

researCh.on'indlViddifferences in-ability''and-learning-lagged'until.the:

middle.1970'S. No substantive connections between this work and ATI research

on instruction' had been constructed.

Yet, there were important reasons for believing thattheconstruction and

analysis of such connections would be fruitful. A varietiof evidence from
* .,

instructional ATI research implied that grieral Ability aifferences'among learners
. . .

, .. .
.

interact with instruction varying in degree of:structure and control exercised over

information processing (Cronbach & Snow,1977). The general ATI hypothesis .

seems to 'be that instruction is better for high ability learners as it allows

them todb.more of the processing work themselves, and better for low ability.

learners as it provides more of the processing work for them, or otherwise

'simplifies and controls their cognitiveactivities:. The eVidence had both an

ability and a preference or "style" aspeCt; since high ability learners often

do poorly if Structure is imposed on their work;. i.e., the relation of ability

to learning is sometimes negative ii such coitditions, Suggesting some kind

stylisticf.orstrategic interference, or motivational turnoff. .

The instructional findings bearing on this hypothesis'howevek, were

complex, pnclear,'and occasionally inconsistent. -,Gneral ability measures are

often varying mixtures of.fluidranalytic reasoning and crystallized- verbal com-

prehension: There are subsidiary skills suspected to operate in some of these

measures, reflecting-speed of perceptual processing, spatial:ability, and several
.

types' of memory,function. The'instrUctional treatment' variables diet might

provide such interaction also vary in character from study to study and remain.. .

poorlyftlefined.- Structure is sometimes represented in. conventional verbal instruc-

tional .procedures,Acmetimes in televised or simulated demonstrations, sometimes'

in CAI: Findings, cannot.easily be collated across studies where-treatmentaAre

identified by such global. labels. .Detailed task analysis cfboth'Aptitude

Measures and instructional treatments wag clearly needed, to identify the

cognitive information processing,links that might provide an explanation for the

ATI effects.

0
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Military ATI studies. Though most Of the instructional ATI studies
0

supporting! this general hypothesis had been conductedin public schools, or

Colleges, several such findings had Come"from research on military. *raining: .

These were of particular interest in the present research. Several of these.

Studies are briefly reviewed below, to give a flavor for the kinds of ATI.
. . .

findings possible in military. raining.
.

Taylor and Fox (1967) reported two studies, using army enlisted men.

In one, complex'plotting of military data was taught, either by televisign

with pictorial examples and a small-Step prOgrammed-instruction sequence,

Or by conventional lecture and practice. The TV'methad,'.which structured
. .

and simplified the learner's task, was superior -- stiikingly,po'far men with

low scores on the Armed Forces Qualification .Test (AFQT). Though ATI was '

ordinal, implying that TV: was best for all men, the.high abilityjmen did reason-

ably well with conventional methods,. and TV is Costly. Thus, training might

be differentiated.with benefit, using the expensive method.only.for trainees
. _

in the loweraptitude -range. The second study taught military map symbols,,

either by allowing men to use a carddeck in their own idiosyncratic ways or

by a controlled sequence of presentation, response, and feedback. Free pactng

was best for all men but was particularly superior for high - ability trainees.

The controlled Or stiuctured- method showed a. relatively shallow aptitude-achieve-

ment regression slope; this implies that the structured treatment might be

improved specifically to benefit.lower-ability men.

. DePauli and. Parker (1909) compared a class. of'Navy sonar technicians given

a special training device with to other; Classes given instruction with'conven-

tional equipment. There was substantial ATI, using a CoMbination of the General.

Classification Test and Arithmeti Test as aptitude and_two measures of learning

outcome. To understand the inter ction, however, CronbaCh and, Snow (1977) revised

the reported analysis to examine regression slopes (instead ofik.correlations) and

mean differences simultineously.:, Di-training device gave much better results

for men below a score of 124 on aptitude. AMong men above 130, the Convential

'course gave better results. The Navy had been excluding from electronics train-

ing men scoring. below 110,'but it.appeared that thetrainer would allow men at

this level to succeed. The trainer was a simplified )etOfoiiOuits simulating

the main features of sonar sensors allOWIng a more direct and clearer wadi

V
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between theory and practice,and reducing reliance on verbal instruction. Pre-

sumably, lower ability men had diffiCulty with the More'abstract-complex con -

ventional instruction, whereat ey.could not extract the basic relations for

themselves. Since the trainer is much less expensive than the, operational sonar
.

.
equipdent used in the conveti nal course', th&question remains open whether /

the-latter has advantages the trainer for.men of high'eptitude when cost is

considered;
1

Edgerton (1958, 1956 eported two notable:studies. Inone, aviation

;
, -!..

chanics were taught eite by roteor,oyempbasieing eXplathatione a d

qu stiond. Eroml.the reported correlations, CiOnbach and SnoW (1977) computed

rescaled:regresSionslOnes to show-that verbal, reasoning, and fluency. abilities

were more highly related to performance in the rote condition. Explanations

apparently helped lower aptitude men,:while higher-aptitudemen did not need them
,

or could -p ovide them. for themselveq,, .ReexaMination ofd the reported multiple

regresdio data suggested that the ATI probably:arose from the/a4ion of general

verbal lity, Diltinctions be en.abiliiies seemed diffiOUlt to justify. But

another study did show the fUn ion ofespecialnbilities. The study compared

'perfOrmancebf. weather.observer uglit theory first-then technique, with men
0 0

.taught in the opposite sequence. Spatial,reasoning, and fluency abilities

related,more strongly to performance in the theory -first conditiOn, while verbal, .

number, and memory abilities-gave stronger relation in the technique- first.

-condition. By subdivging'criterion items into.homogeneous categories; more

detailed .ATI.results were.obtained.:,.:These implied that the learning of weather

.theory requires reasoning ability if.heory is taught first; teaching teChnique,
.. ,

. _

firit helps meiClow in reasoning ability to Comprehend.latertheoretical content..

EoWever, learning the.techniqueS of weather observation requires numerical

ebiliiyAk techniques are taught first; teaching theory:firs't.helps.then low in

numerical ability td:cemprehend, later content on techniques. Memory ability

also correlated with performance on some items, principally in the technique'

first condition. Thus, If this finding were to be substantiated it would mean.
."-

that men low in reasoning andigh in numerical facility should be . taught

Aeohniques:first; technical structure aidslater theoretical learning.. Men.

.high in reasoning"AndAdw'in numerical.. facility should taught. theory first;

theoretical; structure later technical, learning. Multivariate methods had

not.: been fully us ed byEdgerten-inexPloring this hypothesis, .so itAs unclear

what sequ4icemkght be preacribea:formenhighOrrloW'in both



Other military studies relating less directly to the above general hypOthesis

should be noted inpassing also, for they served to provide.clues concerning

related issues.for the present research. Berliner and Nelanson(1971), for

epcatple, had compared CAI and conventional classroom instruction ill,,Mforse

,code for arm enlistees. 'Of eleven scores obtained from ,the Army Classification

` Battery, ten were negatively felaited to performance inicOnventional instruction

and nine were positively related to performance in CAI. All the correlations

were weaky so fUrther work would be required to sharpen ATI. But negative

apiitude7outcoMe slOpea again suggest interference or motivational problems

for high.abilitY.learners,. while positive aptitude-outcOmeslopes may suggest

-the,sime for 16 ability learnera. It was:noted: also inthiS'study that.CAI

seemed to!aCcentuate.indiVidualfdifferenqes in outcome, contrary to the 'Usual

premise about individualized instruction.
.

4

A range of studies suggests that ATI findings cannot be understood or

capitaliied upon Without more detailed analYsis of aptitude and learning tasks..

Sticht (1971) compared .several versions of.audio-taped instruction varying on
.

speech rate an amount of additional information included Menvith low scores

on the AFQTbenefitted somewhat from,the tapes with added information, but

,.differencesie small. Nagel (1968) compared formil7impersonal and informal:-

personal.VersiOns of programmed instruction on celestial navigation..Navy \
. . - .

. ,

reseri:riats:without-priOr experiencewith'progiammed indtruCtioni.or with the

subjeCt,4atter, learned more from the impersonal Style. The methOds'were about

equal for other men. Federicb:(197I) taught MediC0 fUndamentals tomilitary
. .

trainees using programmed instruction, comparing audiovisual Va. printed

and'Oretest vs no pretest. . With AFQT as aptitude, theregyearedsto be die-.

ordinal:ATI; the printed!versionWai better for low abilitynaniAwhilethe.

audiovisual version was best fot high ability. men.' Gibsoli (19.47,) compared Air

Force gunners whO performed well or poorly after one of three treatments:
N'

men in filmed instruction had done considerably better,than IOU men in treat-
,

ments relying on'nanuals and lectures. This implies that film was.beit for men

of low aptitude. Research by Tallmadge and Shearer (1969, 1971) axamined

performance in Navy.training courses on celestial navigation, aircraft recog-
..,

nition, and linear programming.using.a variety:of-ability and7.personalitY .

f

measures. 7No:inportant ATI were found. Wallis and Wicks (1964) compared live

*



teaching With twoforms of programmed instruction trigonometry:, using

British Navy enlistees. A pretest on mathematics .correlated strongly with

. performance, under programmed cOnditionsandnitit a all under live teaching,

zonditions, suggesting a Strong disordinal ATI. .

\.,.......Objectives and Research Approach

Given this background, the project had three main objectives.

1) Carty on the'literature review, begun above, to reach a specification

of the major kindsof individual differences in aptitude presumed to be influencing

learning processes and hypotheses about their relation to one another and to

manipulable characteristics of.instructional learning tasks. The review wets

to Concentrate4partieularly,'on the general ability-information processing

burden hypothesis outlined above, using both laboratory research to'suggest

possible mechanisms that might underly instructional ATI phenomena .and other.

ATI'findings.derived from instructional studies. to organize these suggestions.

It.ignorTlresearCh,on.individual differences that could in no reasonable way

:be construed as relevant, ultimately, toinstructional.learning

2Y Conduct a series of experiments atClgned as task analyses. of individual

'diffeigiices in aptitude forl.earningt with the aim of'constructing'an information
.1

processing'model of general. ability and its s-major constituents. Such .experiments

would manipulate stimulus conditions.expected.to controLeitherAnformationpro7.

Cessing activitiesin aptitude test perfOrmance, or the-relation kiinitude'teatC

tOUope stageof processing.in.a Iearningor Performance task, or the relation'
.

between aptitude tests'purportingtO 2447-distinct.but'siMilaroonstructa.

They would be.designedlaliO to exploruthe-value,ofcollecting eimovement.

tracks during performance. and'introspectiyacCounts by subject;, as well as

'error and-latencYmaAsUres;.as data for-the 'Purpose of-aptitude procesa.analyais.:

1): Conductreal instructional experiMents designed to replicate and/or

elaborate ATI hypotheses suggestedbythe literature as identifying processes

underlying particular ATI Phenomena.

The. expectation was that exPloratory.atalyais of both aptitude.measures

and instructional learning taskuWould.alloWthe identification of common pro-

cessing.links to account foi the molar aptitude - learning reliAgnshipa. It was

also expected that results would suggest hoWaptitude.tasts and.learningtasks

might be redesigned to sharpen the measurement/of .proCesavariables involved

in such relationships.



Results and Discussion

This section is organized under three headings, corresponding to the three

main objectives of the project. A summary and conclucions section then com-

pletes the overview.

Review and reanalysis of literature and methodology. Technical Report

No. 1, (see Snow, 1976a) attempted to bring the literature review of instruc-

tional ATI studies, begun originally by Cronbach and Snow (1977), up to date

with respect to two hypotheses. One of these was thlLgeneral ability -

information proceSsing burden hypothesis that 'provided the main focus of the

present project. This was'termed the GdGfOv complex, to signify that the

general ability. construct. is typically thought to contain fluid, crystallized,

and,visualization ability constituents. The other hypothesis concerned

evidence that anxiety, achievement via independence and achievement . via con-

ioraiity were motivational aptitudes often interacting with instructional

treatment contrasts characterized as structured vs. participative, or con-

forming vs. independent, or teacher-centered vs." student-centered. This was
,

termed the AtAcAx complex. While personality and motivational aptitude

constructs and associated ATI hypotheses werg.not to be a focus of this first

project, it was recognized that ultimately their involvement in the cognitive

aptitude-learning network would need to be recognized and investigated.. Another /
review chapter (Snow,'1978a) added isola other studies to the summary of evidence

4bearing on both, these aptitude complexes..'

.. Technical Report No 1 alio reviewed two methodological developments

'pertajming.to instructional. ATI research. These concerned the need to sepatate

'be n-class and within-class regression components in studies involving
til

mult.ple classrooms, and the problems'posed for these and.other,regression
, .

analysis of ATI by the existence of outliers; Provikonal,approaches,to both

problems were demonstrated.

Finally, Technical Report No. 1 reviewed research bearing on4 laboratory

science of aptitude processes, under the headings of "initial-stimulus.pro-

cessing", "short term memory", mediation and transformation", "reasoning and

problem-solving"i "strategies and structure", and "response integration and

retention". This wa4Zedmittedly a first cut, but it formed a basis for the

project's continuing review d.n this domain.



Technical Reportago. 2 (Snow, 1976b) continued the review of laboratory

research, concentrating on'theoretical and methodological issues. -It examined

various starting assumptions-for basic research on aptitude processes and derived

hypotheses and some further methodological principles from a review and com-

parison of factor analytic, associationistic, information processing; and

psychometric models,of aptitude.

Technical Report No. 2 also proposed a research strategy for programs

of work it this area. ,Its suggested that future research be sensitive to a

distinction betweetafour types or levels of individual differences in cognitive

processes underlying aptitude and learning perfolmance. Provisionally,

these were identified as: p-variables 'reflecting individual diffele4nces in

the efficiency or capacity of particular processing steps or components;

q-variables representing individual differences in how a .sequence of processing

steps is organized; r-variables identifying individual differences in the

inclusion of different components or procedsing routes; and s-variables including

individual differences in the overall summation or strategic asilbly and

adaptation of processing across parts of particular tasks. The suggested

methodology followed a general multivariate S...41-R paradigm. Guidelines were

offilVRI regarding the selection of aptitude constructs for analysis, the use

of,reference-aptitude factors and exploratory correlation analysis, the

conduct of task and componential analysis, the inclusion'of learning

sample tests,.aptitude test revision, and, ultimately, demonstration of new

conceptions of aptitude in instructional ATI studies.

Finally, Technical Report No. 2. included a review and critique of studies..

ofshortterm visual memory, tOyclemonstrate how various theoretical and

methodolagical principles pre '4ously 4scusged might be applied concretely.

Some; process hypotheses. 'and possible instructional applications were discussed.
. .

Some later technical reportsfromthe piojeCt took up.particular sub-

stantive or methodological points for more detailed consideration. In

Technical Report No. 6 (see LohMat, 1971), Correlational researchlon the'

relation of ability and personality. variables was disCussed, focussing partidularly

';on reported ielitiontibetWeen speed;Of-closure; abilities and hypnoiizability.

Problemsof nonproportiOnal sampling in inflating-such correlations, and

methods of correcting for,such.biases,vere explored...



et

Technical Report No. 8 (see Lohman, 1979a) provided a detailed review

and reanalysis of the correlational literature on spatial ability. It had
. .

been recognized that the traditional hierarchial model of cognitive ability

?factors was particularly vague in the domain of spatia d visualization

abilities. Thus, this work sought to clarify the major dimensionmansions in this

' domain and to derive:hypotheses about processes underlying thesedimensiOns.

It was concluded that three factors could be distinguished: spatial relations,

involving speed of performance on simple mental rotation tasks, with or without

the actual use of mental image rotation processes; spatial orientation, involving

imagined reorientations of self-object relations in space to produce different

Perspectives; and visualization, involving relatively unspeeded performance on

complex mental transformation, construction, and matching tasks,., with or without

the actual use of mental image transformation, construction, or matching

processes. It was emphasized that tasks designed to measure spatial abilities,

especially.complek and relatiVelyunspeeded tasks, are open to the se of
,

alternate solution strategies some of whichAre basetion logical Ytic or

verbal rather than-purely,spatial'processea..:

The report concentrated also on the distinctiab between speedabd level

(or poWer),measuremints and'the nature of ability -constructs based, on
.

It was shown that speed. and level factors donOt connect well with'ona.inOther.
.

,

or with other constructs iwa hierardhidal modelpf
.

ability criPt Speed;
-At ' .

anClevel abilities appear to be relati'vely independent,; and'procea0oodelsdf

iauch'abili4es are qualitatively distinct.
/

Other exploratory correlatiO01 work was begun', a supplement to. this

project received late in the *contract period. sought to examine further the

organizatiOnal:structure of visual memory and reasoning It also

reanalyzed previous correlational data on ability-learning relatiOnships._ Since

this woikwas completed largely 'within a subsequent contract and second phase

of the Aptitude Research Project, it'w11 not be reviewed here.

Finally, in.this category, TechOicalReport.No44 (Snowi:1977a) provided ,

A,general disdussion of individual differences in aptitude, the implications

of an individual differende view for the construction of. instructional theory,

and the'Use of. information on aptitudes in instructional dedign.



Experimental analysis of fluid, crystallized and visualization abilities.

Several different kind* of experiments_Were conducted, to explore the kinds of

measures and research designs that might be useful in process analyses of

aptitude. Most sought to'produceprocess hypotheses about onent'more of the

major constituents of. general' ability -- namely fluid-analytic,'verbal-crystallized.

and spatial visualization abilities to distinguish among .them in process.

terms.

Technical Repot No. 3 (Snow, MarShalek, 4 Lohman, 1976) summariZed a

first attempt to investigate.the relationships between ability constructs and

informrocessingparameters.- 'Chiang and Atkinson (1976) had adMinistered

visual search, memory search, and 'digit span tasks to 33 Stanford students.

A totalnt 25 of these students were.. administered a battery ottraditional

ability tests. and.Several film tests developed by Seibert and Snow (1965). One.

.nf,these film tests was designed to produce a backward masking effect in short -

term:visual'meMnry. Ability. tests and der;ved factor scores were'then correlated'

with the intercept, slope, and digit Sian parameters from the Chiang and'Atkinson

(1976) Atudy. In general, correlations between ability tests (even the short

:term visual memory 'film tests) and information processing parameters. were

The interpretitidn of these low correlations laid the foundation for

most.of the other studies conducted during the first phase of the project. In
P

particUlar, the results of this exploration, suggested that.a) future investigations

Would have to look beyendsimple'information processing tasks to develop an,

adeqUate explanation of.general abilities; b.) faceted tasks were needed to
e--

increase complexity.in.apystelitic 'banner,' and t) a major. source of individual

differences in'general.abilities might be found in executive assetbty and

control processes, and strategicadaptations.
.

Since the first_exploratory.istudy'nfAndiyidualdifferences4n information
. .

. .

.
.

processes, (aboVe).suggested that:the method of correlating. information proanksing.

parameter'with ability constructs-wasnot likely to yield much insight'into
.

general ability constructs., the.second experiment focused directly on ability

testperfoimance. Aptitudd informatiOn'proliided by the project's aptitude

....reference, battery (Snow., et Al 1977;see.also Snow, 1977b; liarahalek 1977) \
was used both to. elect.dubjects and.tasks for this. experiment. j'uttheri the

4'
potential of eye. fixation tracks and retrospective subjectreports.for.researeL



iewIng 123 Stanford students on the st ategies they employed when solving

on aptitude prbcess was explored.. The first se of_the study involved

intery
a.

items on a Selected set of tests administered,as part of the ;ierence battery.

These reports were used to construct checklists of strategies for each of eight

tests that spanned the ability space from G
v
throughAG to'G . Six items from

,

each of these tests were then administeredto 48 students from the high school

reference population-of 241 Palo Alto high school students. Eye fixation tracks,

errors, and latencies, were obtained for each item,
V along with retrospective °

. .

subject reports of solution strategies on a subset of the items.

The analyses of eye fixations centere n the two experimental tasks

that had\highest co7elations"with corresponding reference tests: Paper

folding and Vocabulry. Lohman (1977b) presented a preliminary repor of the

analyses of the eyetfixations. Additional analyses were reported by S ow (19780,

1980). For the Paper 4'olding test, major findings were:) a) patterns o eye

fixations varied markedly acr ss items, especially as item difficulty increase4

lallb) high ability students gene y spent more time studying the stimulus

figures beforelooking at the response alte atives, and c) the two general

strategies that were used by most subject were constructive matching (working

forwards) and response elimination (work ng backwards). As expeCted, patterns

of eye fixations on the 'vocabulary items hared less, systematic variations, in

sqlution strategy since individual differ nces in vocabulary are largely memory,

based, and not obtainable from item inspection. Nonetheless, some strategic
.

differences were noticed even-on the verbal task. Overfill, it was concluded
--

that the analysis of eye fixations could significkntlyscontribpte to an under-

standing of problem solvihg processes'of relatively short duration.
,

The analysis of the retrospective reports gathered after the experilnt

was r orted by Yalow & Webb (1077). They%computed 113 specific responses on

the trategy check lists for four tests: Paper Folding,'Porm Board, Vocabulary,

and Verbal Analogies. They found that high alTity students reported often
.1

.

knowing'Ntle-answer before examiningthealternatives,while-lbw ability students

reported spending more time evaluating and eliminating alternatives. Further,

low ability studentsreported more internal verbalization, had less confidence

in their answers, and, consequently, guessed more frequently. Students of

intermediAte ability reported using specific spatial strategies more frequently

than either high or low ability students. Correlations betweenthe 13 strategy
.

indices suggested three major dimensions: a) the tendency to vonstruct a response-



from careful analysis of the stimuli before looking at the alternative; 1,e.,

tie constructive' matching strategy, b) the tendency 0 .analyze the response

alternatives, i.e., the. response elitiOn strategy, and c) the tendency to

solve problems by intuitive or impressionistic rather than analytic methodS.

rechnical Report NO. 9 (Lohman, 1979b) pursued the results Of the literature

reviews summarized in Technical Report No. 8 .(Lotiman, 1979a) with an experimental

investigation of the relationship between speed and levelin a faceted spatial

task. The study'demOnstrated that individual differences in speed were largely

....independent.of level scores. Further, mental construction was experimentally and

correlationally distinguished from mental- rotation; and various combinations,

of these spatial skills were related to factors such as closure speed, perceptual

speed,.spatial relationt,and visualization. The study also found that individual

differences in .task latency were generally 'related to individual differences

in verbal ability even, though. correctness on the task and its facet was non-

sistently related to spatial reference tests. Thest and other results strongly.

suggested that many subjects were able to solve this Spatial task using at

least'parrially nonspatial strategies.

This finding was pursue4lin.thefinal months of the project through
. .

%

an experiment that attempted to manipulate solution strategy directly using
..

another, Previously

L
tudied spatial test: Paper Folding. As in previous

studies,,a faceted p erlfolding task was constructed to manipulate item complexity

systematically. The'experiment'also contained two experimental manipulations,

designed to influence ufibn strategy. First, the stimulus parts of some

items were presented' ne at a time while on other items the entire item was.

visible simultaneously. Furthef,:on some items multiple choice,response

alternativee were presented while on other items the subjects were required

to construct their, answers. It was .xpected that the successively presented

items and those, requiring aconstructebi response would be less susceptible to

nonspatial strategies than-would simultaneously presentectitens or those with

°

multiple choice alternatives.,
.

In.addition:tothese within - Subject manipulations, Subjects were assigned
. .

to one;of three Strateg -training,treatmentS. Some subjects -viewed a film that

visually

.

demonstrated the process. of,mentally folding,,pUnching, andiunfolding'

a piece of paper.. abesecOnd'group was taught a.strategy for coding)and remembering.
,



. . .

the sequence of foldS, while the th rd group nceiliedpractice in solving items

with immediate feedback. The expects ion was that these strategy treatments

'would be differentially effettive f i different subjects, depending on their .

tested'spatial and verbal abilities, and for different items, depending)am their

difficulty, mode of Presentation, and mode of response. Thip study was

initiated under a supplement to the present tontract7 and is being completed
V .

under the new contract, in the second phase of the,project.

Anothdrexperi nt was designed under, the first contract for.donduCt

under the second contra t. Thee study continues the investigation,of general

ability;as layed on tests of analogical reasoning. It combines the type

Of facet analyses employed gn.previont-experiosntal tasks with the methods of
. , I ,

componential analysis developed by Sternberg (1977). In addition, eye fixation

tracks are recosded while subjects sblve a sampling of the items. Thus,

this study represents a.convergence of experimental methods developed during

previous studies with those advocated by Sternberg (1977) and applied to the

type of geometric analogy problems studied by Ste-i'dberg (19775' and Pellegrino

and Glaser (1980). ICA expected that analysis of patterns of eye fixations .

.
will permit clearer discrimidaiiOn betWeen the major competing information.pro-

cessing models of.analogical reasoning. .Further, the faceted item construction

approach used in the present project should remove some ambiguities from the

componential analyses of Sternberg's (1977) previous study, since predictors

for the various models will be objectiVely determined and more nearly orthogotli.

Finally, the study includes a wide range of item difficulties as well aa'both

two and four alternative items. This should make performande on the experimental

task more closely resemble peiformante on standard psychometric tests of analogical! .

'reasoning.
1.

Instructional studie§. Three ilistructional studies were conductid within

the project. Each was, designed to explore one or more. aspects of aptitude

processes in learning from instruction to characterize thekkinds,of complexities

theory construction would .have to face. They were designed to replicate or

elaborate ATI hypotheses, not to test hypotheses derived from-laboratory-analyses

of aptitude.processes; their aim was to connect with and to help direct those

analyses. ., ,

Technical Report No. 7 (Webb, 1977) involved a compariSon of individual

learning conditions and small group learning.tonditions in instruction-on
L

r)
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mathematical problem solving. Within the small group conditions, , uniform

ability eoups and mixed ability groups were compared, by assigning membership
-..-

from three general ability strata. Prior evidence on these contrasts is meagre.

Yetindividual vs. group learning and.the optimal mix bf ability levels within

a group, appear to be baseline questions for instructional psychology and for ATI'

research: Results showed that for low - ability students, mixed-ability grouping .

was best, individual learning was next best, while uniform-ability grduping was
< .

worst. For medium-ability students, the'order fyom best to.worsi conditions wasi"
V

uniform-ability grouping, individual learning, and mixed- ability grouping. High-

individually
.

abil ty tudents performed equally well after learning or in mixed-

abilit groups, and less wellinuniform-ability,groups. More importantly,

group process observations sh'owed that in mixed-ability. groups,,high-ability

--/ students explaineito less-able members3. they did not do so when grouped with

other-higfit. High-ability students who took the. role of explainer showed excellent

delayed.performante,while low-ability'students who received suck explanations

did better than those who did not. Medium- ability students tended t6 participate

most actively in uniform ability groupa'and'did their best when in those

conditions. ,,Thus,-tle effect of the instructional. setting' depended on the ability

of the student, the ability of the student relative to teammates, and the role

the student adopted in group interaction.

Technical Report No. 10 (Snow, Wescourt, & Collins, 1980) sought to con -

struct a correlational ability-learning network to include easures of aptitude
.

before instruction, leatning activities during instruction, overall Learning curve

tharacteristics and learning'outcoMe. Interactive computerized instruction

in computer.prOgramming language served as the learning vehicle. It was found

that individual differeices in learning increased substantially over 15 hours of

instruction, and that these differences were significantly predictable ftom

aptitude information avtsilable one-and-a-half years before entering -the course

of instruction. It appeared that performance in the course was.highly related

to fluid - analytic ability, and,to a personality variable called -independence-

flexibility", butWas:not related to Vetbal-crystalliZed ability. Learning

activity indicesiquentified from the protocols maintained foreach.StUdent by

the computer, showed telations to aptitades, learning curve characteristics,

And learninvoutcome: The patterns of relationships in the network suggested

j



. , ..... .

that the learning activity protocol approaCh could'be used to define learning

style differences g;baF computer prograAming)students that offeted a more detailed .
,

account .of aptituae-learning relationships..

Technical Report No.r12 (yaloW,'1980, tested the general ATIhypothesis,
i

and a diffeihntial. ATI hypothesis that contrasted fluid-analytic and verbal-
i

ability, with. a\tWii-week.(instructional'program in dconomics Three.

I 1.

alternative instructional treatments were Contrasted. A minimum treatment provided.

only bare-bones eXposiion of supply-demand and related principles and thus

demanded substantial elaborative information processing on the learner's part,

TWo.elaborated treatments provided either verbal explanation and exercises or

gural-graphie exposition and manipulation. ..Both immediate learning and
1

tention .measures were faceted tests, to allow distinction between verbal and

figural performance and between concept learning and problem aolvings
1

]

The general ATI hypothesis was replicated on the immediate Posttest. Apparently,:
.

1

the Astructpnal treatments that compensated for inaptitude by giving less,
is.

able learners-the elaborateAstructure and directions, they needed, also obstructed.

to some extent the progress.of more able stInts ATI results were similar
i

for both direct learning and problem-solving; The differential ability effect
.: .. . ,

was slight and nonsignificat.-, Its trend suggested thaverbal elaboration was
i

somewhat better for, students with GcabilityHgreater thanGfil :ability, while

figural elaboration was a!bit.better foratudents with G
fx

ability. greater
.

than C
d
ability,

4
-Were. it eharper this.resuli'wo ld favor a capitalization or

. ,

preferential hypothesis (see Cronbadh & Snow; 1970: one does best with

instruction that. fits one's strengthb. Verbal el boratiOnParticularly helped
I

verbal'posttest performance while figural eiabo tion particularly: figural

yosttest performance,: H .
. .

Ofi-the delayed test, the ATIeffects diMinished or disappeared. More

importantly, the minimum treatment produce&by.far the best retention, especially

for students high on G ability. Figuralelaboration was particularly bad
c

for the retention of figuralposttestperfOrmance. On this pariofthe test,
n

the verbal elaboration treatment:almost tched the positiveeffects of the

minimum treatment, for 41moit.all'students. To a lesser extent,:verbal elabora-

tion was relatively badjor the:retention of verbal. Posttest:performance. The.

problem iubtest, however, still showed the same though nonsignificant ATI pattern

on the-delayed test that it-had shoWn on the immediate test.

18
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The implications deserve more detailed analysis. If only immediate

'achievement is considered, and aptitude is ignored, then elaborated instruction

appears beneficial.. If general ability is added to test ATI, then elaboration

appears to help less able' learners but is not optimal for more able learners.

If one must further choose a particular form of elaboration to give to less able

learners, it,appears best to match the form to the learner's relative strengths.

However, when retention is considered, all this, changes. Untlaborated instruction

is best for almost all learners, but particularly. for students high in crystallized

verbal ability. And, here, if one must choose a form of elaboration, it appears

best to mismatch the form with a4 student'i differential ability profile. Apparently,
2

retention requires a degree of cognitive organization that is best promoted, for.

a given individual by instruction that is incomplete for that particular individual.

Thus, if instruction does too much.for students, the resulting achievement may,-
.

.

be too weakly or narrowly organized.
. i,

...

.

"Summary, Conclusions, and Implications
.._1'

.

The staitirig hypothesis for this project was thdt instruction appears better

for
1

high ability learners as it allIws'tbem to dO more of the information processing

4 work involved'in learning for themselves; and better for low abilitylearners as it

provides more of the processing work for them by simplify ng and controlling their
1

cognitive activities. It seemed clear that individual differences come into play

upon situational deMand.. ATI.research has continued to suggest that the relation

of such general $titudes as veral-crystallized intelligence and fluid-analytic
I.

intelligence to learnirig outcome increases with the informations processing demands

of th instructional-task. It alio seemed clear that instructional task demands

should be understandable in the same terms as the demands involved in performance
,

.,on general aptitude tests.

The project aimed to Open up this hypothesis to analysis, by examining

further the past instructional ATI research and conducting selected new instruc-

tionaLatudies, combined with a series of experiments that would pursue process

analyses of the phenomena thought to underly ability-learning relationships involved

in ATI. A central concern-of these process- analytic experiments:was to examine

the-distinctiori between fluid- analytic, verbal-crystallizedAand visualization

abilities as constituents of-general intelligence..

;The initial hypOthesis continues to be sustained by the results conducted

withinthis exploratory project. The-results alai) make clear that the psychological

'phenomena involved are too complicated to yield to simple generalizations applicable

19
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in instructional practice tomorrow,. ut that fact was already known. ThatII

.

t,

has been determined by the project lead be summarized as follows:

.1 i. Factor analytic and multidimensional scaling analyse:is ofoald and

neseability correlation matrices continue to show the characteristic Guttman

Eade,f form. Constellations of mental tests corresponding to traditional ability

factors can be identified, but the smooth transition from peripheral to central

abilities suggests that the traditional factor model will not fit current
$,c

theoretical needs: The distinctionbetween tests requiring sequential digital

symbolic processing and those involving more holistic analogical iconic processing

doed seem to be borne out, however. The tendency for tests of increasing complexity

to correlate increasingly with ageneral factor can be reinterpreted to posit

the involvement in more complex tests of "executive assembly, and 'control"

processes.
.

2, Evidence from several studies suggests that it.mayJlot.be possible

,
tojustify in proCessyms the factOr. analyticdistinctions between fluid-

.analytic ability (GeOL. ) and Complex vidualizatiOn'ability.(1.the distinction
0 IF

between these and complex verbaI7crystallizedability (Gc) is somewhat clearer,

but not Certain. Factor distinctions may haveTheuristic Value in thinking :.
. c

about instruction,but are not consistently distinguishable, either in Corr iational.
....-

studies. or in laboratory experimd6ts It appears that' adCompleX tests a ow

alternative processing A4rategiee,, their score variance reflects.a mixture of

- individual differences in these strategies and in shifts among them. Traditional

ability factor AU:Unctions cannot capture or partition this complex.. 4

= 3. The problem is even moi-ON-difficult because speed and level of performance

appear psychologically distinct. G
V
measures divide into those that emphasize

.....

complex power performance,and those involving simple speed performande These

have quite different cortel tes in the ability domain: level or powv scores on.

complex spatial tests corr. ate with one another and with Gf.tests, declines in
- .

level scores over different kind:i-of Item difficulty correlate. with different

kinds of spatial tests, while some speed scores correlate with verbal ability

measures:

4. ExplOrakory studies of eyemovement differences and introspective reports

during ability, test performance suggest that one important strategy. difference

involves a "constructive matching" approach as opposed to a ''response elimination"'
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approach to complex test items in both verbal,and aPatial tests. An index of

degree-of constructive matching ,based on introspection reports. Correlated

eignifiCantlY with 20 Of:35 ability tests, and principally the more complex tests.

Quantification's of eye movement track and introspective report difference's .ehowed,

potential Usefulness in research' on indiVidual differences in information processing.

-5: 'Instructional studies persist in showing the strong relation..,of.general

abilities 'id individtial differences in leaping.; One study replicated the,.
ieneral ATI hYpotKeeis, that elaborated instrnctiona la treatnients 'help low ability

learners, nothigh ability learners. It alSo suggested, however, that the

:kind of cognitive organization needed foi retention' might not be benefited by,
elahorated tieatmenta. -Another study, of a computerized interactive' 15-hOUr

courSe on computer :programming, 'showed that a combination of Gf :aptitude and

a:personality variable called "independence-flexibility" predicted individual

differences in learning while Qc. iptitude did 'not. It also demonstrated that
learnidg activity variables -could be developed to index individual differences

:

in learning that in turn related both to prior aptitude and subsequent. achieVe
, :. .

ment':: The aptitude-learning correlational networks thus prOdUcethy proVide

an Important guide to task analytiC:experiments searching for common proCess

links. ..19:inally, a third, instructional experiment "suggested that the use of

aptitude information. in :instrt4ctional research and development must take the

learnerie initial ability, the mix of ability in thatperaon'w groupi'and ;
the role the person . takes in group 'interaCtion, into account: Theie is in: short.,

a social psychology. of :aPti4ude:tobe reckoned-with wheneVer, ,training or: in.struction
. .

is applied to teams or groups. ,
"*

.

This was an exploratory prOject.' . The over thing irap4cation of ':the literature"

reviews, the inatructional: atudies; and the laboratory, experimental work is,

that a proCess-based 'theory of aptitude for learning. from instruction canbe
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